Summary Sialic acid (SA) is an important nutrient but few studies have examined the link between dietary intake and breast milk sialic acid. The purpose of this observational study was to assess the potential relationship between human breast milk sialic acid levels and dietary nutrition intake 40 d postpartum. The study population included 90 healthy women who were lactating. Human breast milk SA concentrations were measured using fluorescence detector-high performance liquid chromatography (HPLC-FLD) analysis and nutritional intake was estimated by a computerized validated food frequency questionnaire. SA in human breast milk was bound to free oligosaccharides (82.35%), protein (15.27%) and free sialic acid (2.37%). The findings of this study indicate that subjects with higher milk SA levels showed statistically higher levels of vitamin A compared with subjects with lower SA levels (423.486172.29 vs 602.226126.46 mg/d, p50.000). In addition, there was a certain association (standardized coefficients50.713; p50.000) between breast milk SA and vitamin A intake in healthy young subjects. This study demonstrated that dietary vitamin A intake has a certain relationship with breast milk SA concentrations. This may be attributed to the influence of vitamin A on sialic acid glycoprotein and sialic acid mucopolysaccharide in the human body or the common food sources for vitamin A and sialic acid. Additional study is required to further investigate this relationship.
Sialic acid (SA) is an integral part of the ganglioside structure in synaptogenesis and neural transmission in humans (1, 2) and because it can improve learning and memory (3), it is regarded as an important nutrient in early life (4) . For infants, breast milk is the only rich source of sialic acid (5) (6) (7) . Thus, the SA levels of breast milk are vitally important. Although maternal dietary intake of nutrients such as fatty acid and choline affects breast milk nutrition during lactation, there have been no studies examining the effects of sialic acid on lactation nutrition (8, 9) . The purpose of this observational study was to assess the potential relationship between breast milk SA levels and dietary nutrition intake 40 d postpartum.
Methods and Materials
Subjects. The study population included 90 healthy women who were lactating. None of the study participants were reported to have inflammatory-related diseases, tumor diseases or cardiovascular diseases.
None of the participants were taking vitamin or trace elements supplements. Each participant signed a written informed consent of acceptance that was previously approved by the Regional Ethical Review Board at Maternity and Child Care Hospital of Shanxi. This research was conducted in accordance with the Helsinki Declaration (2003) of the World Medical Association (SXFY2010017).
Preparation of human milk. Milk samples were drawn on day 40 of lactation from breast-feeding mothers of term infants (infants born at a gestational age between 37 and 42 completed weeks) when lactation ended each time. The milk sample (10 mL) was collected within 15 min and was stored at 225˚C. Sialic acid concentrations in breast milk were determined by fluorescence detector-high performance liquid chromatography (HPLC-FLD). All the experimental instruments and main chemicals were purchased from Waters (Milford, MA) and Sigma-Aldrich (St. Louis, MO), respectively.
Sialic acid assay. Determination of free sialic acid: The following procedure was used to determine free sialic acid concentrations (10) . Breast milk (500 mL) and an equal volume of 10% trichloroacetic acid (TCA) were placed into a centrifugal pipe, mixed using a vortex, iced for 10 min and centrifuged at 3,000 r/min at 4˚C for 30 min. The
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The Relationship between Dietary Vitamin A Intake and the Levels of Sialic Acid in the Breast Milk of Lactating Women supernatant was removed and the remaining pellet was washed with cold 5% TCA (500 mL). The pellet and TCA were then centrifuged at 3,000 r/min at 4˚C for 30 min. The combined supernatant from both washes (approximately 500 mL) was filtered using a 0.22 mm filter membrane. The filtered supernatant (90 mL) was combined with 1,2-diamino-4,5-methylenedioxybenzene (DMB; 10 mL) and set aside in the dark for 150 min. Chromatographic analysis proceeded after the solution cooled. Determination of oligosaccharides-bound sialic acid: The total amount of oligosaccharides-bound sialic acid and free sialic acid was determined using the following method (10) . The remaining supernatant (approximately 410 mL) from the combined washes used to determine the amount of free sialic acid was combined with an equal volume of 0.1 mmol trifluoracetic acid/L and hydrolyzed for 30 min at 80˚C. The supernatant was then filtrated using a 0.22 mm filter membrane. DMB (10 mL) was added to the supernatant (90 mL) and the solution placed in the dark for 150 min. Chromatographic analysis proceeded after the solution cooled.
Determination of protein-bound sialic acid: The precipitate from the initial wash to determine free sialic acid concentrations was combined with sulfuric acid (0.05 mol/L; 2 mL) and hydrolyzed for 120 min at 80˚C (10) . Again, the supernatant was then filtrated using a 0.22 mm filter membrane. DMB (10 mL) was added to filtered supernatant (90 mL), and placed in the dark for 150 min. Chromatographic analysis proceeded after the solution cooled.
Dietary intake assessment. The dietary intake of the study participants was assessed by a 72-h dietary recall questionnaire. Nutrient intake was computed using a dietary evaluation validated for Chinese people (11) . All foods and beverages consumed throughout the 72-h study period were recorded (12). Quantities were weighed when possible and information about foods, including brand names, food preparation methods and all ingredients used in food preparation methods were recorded when possible. Food models, measurement aids and food-specific units were used to estimate amounts consumed. Each individual's intake of energy, fat, fiber, protein, vitamins and minerals was determined from their 72-h dietary recall.
Statistical analysis. Results are presented as arithmetic means and standard deviations. The KolmogorovSmirnov test was used to determine variable distribution. Study participants were divided into two groups, lower and higher SA levels, based on the median level of breast milk SA on postpartum day 40 (67 d). t-tests were used to test the differences in nutritional intake between the two groups. Chi-square tests were used to test the differences of frequency distributions in milk, beef, egg, mutton, and pork intakes between the igher vitamin A group and lower vitamin A group. Multiple linear regression analysis was used to analyze the relation of nutritional intake and breast milk SA on postpartum day 40 (67 d). All analyses were performed by SPSS for Windows 17.0 (SPSS Inc, Chicago, IL, USA). A p value of less than 0.05 was considered significant.
Results

Distribution of breast milk SA
There were three major forms in human breast milk SA. Most of the sialic acid in human breast milk was bound to free oligosaccharides (82.35%) and 15.27% of sialic acid in human breast milk was bound to protein.
Little of the sialic acid in human breast milk was free sialic acid (2.37%) ( Table 1) .
Nutrient intakes and breast milk SA
There were no statistically significant differences in macronutrient (carbohydrate, protein, vitamin E, zinc, selenium, iron or polyunsaturated fatty acid) intake between subjects with higher and lower milk SA (Table  2) . Subjects with higher breast milk SA presented significantly higher vitamin A intake (p,0.01) when compared with individuals with lower milk SA ( Table 2) .
There was a certain association between breast milk SA and vitamin A intake in healthy young subjects (standardized coefficients50.713, p50.000) after adjustment for maternal general characteristics (including education and age) as shown in Table 3 .
The frequency distributions of Vitamin A intake
Study participants were divided into two groups, lower and higher vitamin A intake, based on the median level of vitamin A intake on postpartum day 40 (67 d). Subjects with higher vitamin A intake were 47 cases and lower vitamin A intake were 43 cases. The frequency distributions of vitamin A intake in the two groups are presented in Table 4 . The frequency distributions of milk, beef, egg, mutton, and pork intakes in the higher vitamin A group were significantly higher when compared with individuals with lower vitamin A intake (x 2 523.85, p50.002).
Vitamin A intake of the subjects categorized according to the median of breast milk free SA concentration
Study participants were divided into two groups, lower and higher breast milk free SA concentration based on the median level of free SA concentration on postpartum day 40 (67 d). Subjects with a higher breast free SA concentration presented significantly higher vitamin A intake (t51.244, p,0.01) when compared with individuals with a lower free SA concentration, SA concentration bound to oligosaccharides and SA concentration bound to protein (Table 5) .
Vitamin A intake of the subjects categorized according to the median of breast milk SA concentration bound to oligosaccharides
Study participants were divided into two groups, lower and higher breast milk SA concentration bound to oligosaccharides based on the median level of SA concentration bound to oligosaccharides on postpartum day 40 (67 d). Subjects with higher breast SA bound to oligosaccharides presented significantly higher vitamin A intake (t55.274, p,0.01) when compared with indi- viduals with lower breast SA bound to oligosaccharides (Table 6) . Vitamin A intake of the subjects categorized according to the median of breast milk SA concentration bound to protein Study participants were divided into two groups, lower and higher breast milk SA concentration bound to protein based on the median level of SA concentration bound to protein on postpartum day 40 (67 d). Subjects with a higher breast SA concentration bound to protein presented significantly higher vitamin A intake (t53.99, p,0.01) when compared with individuals with a lower breast SA concentration bound to protein ( Table 7) .
Discussion
The distribution of breast milk sialic acid during lactation was reported previously by Wang et al. (7) . Carlson reported that the sialic acid concentration in human milk oligosaccharides was higher than sialic acid in human milk glycoproteins (13) . Our results reveal that most sialic acid in human breast milk was bound to free oligosaccharides, whereas little was free sialic acid or bound to protein. The main reason is that as there are higher levels of oligosaccharides in breast milk than in bovine milk (14, 15) , it would lead to the higher SA concentration in human milk oligosaccharides.
Although many essential nutrients are secreted into breast milk, including the fatty acid, docosahexaenoic acid (DHA) (16, 17) , there have been few reports describing the relationship between maternal diet and sialic acid in breast milk. In this study it was observed that vitamin A intake during maternal lactation at 40 d had a high correlation with sialic acid concentration in breast milk. Wolf et al. (18, 19) indicated that vitamin A exerted its influence on mucopolysaccharide synthesis. Wolf et al. (20) (21) (22) also pinpointed the defect in glycoprotein synthesis caused by vitamin A deficiency at the protein-glycosylation step. Whereas sialic acid exists only as free mucosaccharides in very low concentrations in the body fluids of humans and animals, it usually occurs in glycosidic linkages of mucopolysaccharide, glycoproteins, gangliosides and lipopolysaccharides (23, 24) . Although from questionnaire survey there was poor evidence, we suppose vitamin A impacted the occurrence of sialic acid by influencing the synthesis of glycoproteins and mucopolysaccharide by affecting the binding of sialic acid. We hope it will serve as a basis for future clinical research and has an important meaning for the research of human milk SA. Additional study is required to further investigate this relationship. Another explanation for the relationship between vitamin A intake and human breast milk sialic acid 40 d postpartum may lie in the native food sources of vitamin A and sialic acid. In the current study we found the volunteers whose milk SA was higher could have greater food sources of vitamin A. The best sources for vitamin A are liver (3,000-15,000 mg retinol/100 g) and fish liver oils. Significant levels of vitamin A are also present in milk, whole eggs and egg products (25) . Our data displayed the higher vitamin A intake group consumed more milk, eggs, beef, pork, and mutton. Tangvoranuntakul et al. reported that sialic acid was present in red meats, milk and eggs (26) and Varki (27) also indicated that red meat and milk were sialic acid dietary sources. Wang reviewed sialic acid levels in beef, lamb, pork and chicken (4) . Although high levels of sialic acid are usually found in animal sources, sialic acid can also be found in plant foods. Cooked corn, surprisingly, not only contained relatively high sialic levels (4), but also contained high levels of beta carotene, which is an effective source of vitamin A (28, 29) . Interestingly, our data also showed higher corn intake was consistent with higher vitamin A intake. This research indicates that there is some commonality in foods that are rich in sialic acid and vitamin A. Based on our clinical data, we can assume when mothers who were lactating consumed food enriched with vitamin A such as red meat, eggs, milk, and corn, they were also consuming foods which contained relatively high levels of sialic acid. This would have resulted in high levels of sialic acid secreted into breast milk.
In conclusion, this study demonstrated that dietary vitamin A intake has a certain relationship with maternal milk SA concentrations. This relationship may be attributed to the influence of vitamin A on the sialic acid glycoprotein and sialic acid mucopolysaccharide or the common food sources for vitamin A and sialic acid. Additional study is required to further investigate this relationship.
